Abstract. Hepatic periportal thickening (HPT) detected by ultrasonography has been established as a reliable tool for measuring hepatic morbidity due to schistosomiasis. During ultrasonographic examination of patients with prolonged pyrexia, we frequently noticed minimal grades of HPT in patients without a history of schistosomiasis. This led to ultrasonographic studies of conditions other than schistosomiasis in which HPT may occur. Subjects included 460 patients with Schistosoma haematobium infection, 107 urban patients with prolonged pyrexia without previous exposure to schistosomiasis, and 288 healthy controls unexposed to schistosomiasis. Grade I HPT was more prevalent (P Ͻ 0.001) in patients with pyrexia (56.1%) than in those with S. haematobium (32.2%) and was more frequent (P Ͻ 0.001) in patients with S. haematobium than in controls (11.1%). Typhoid fever was the most common febrile illness causing HPT. Grade II lesions were rare in patients with pyrexia (2.8%) or schistosomiasis (0.9%). Grade III lesions were present in only one patient with S. haematobium. Mild grades of HPT can occur in infectious diseases other than schistosomiasis. Cellular infiltration in the portal tract from chronic infectious diseases can frequently give the ultrasonographic appearance of grade I HPT.
The ultrasonographic appearance in schistosomal hepatic fibrosis has been described as hepatic periportal thickening (HPT) scattered throughout the liver. These multiple diffuse echogenic areas represent the thickened fibrosed portal tracts encompassing portal tributaries. [1] [2] [3] [4] [5] [6] The specificity of ultrasonographic-detected HPT has been considered sufficiently specific for assessing hepatic morbidity due to schistosomiasis. 1, 3, 5 Hepatic periportal thickening has been frequently described in patients with S. mansoni infection, 1, 3, 5 and to a lesser degree in patients with S. haematobium infection. 7, 8 Previously, we reported that grade I HPT was present in patients with active S. haematobium infection as well as in three of 14 patients with biopsy-proven chronic persistent hepatitis without a history of, or exposure to, schistosomiasis. 7 During abdominal ultrasonographic examination of patients with prolonged pyrexia, we have noticed frequent occurrence of grade I HPT in febrile patients without a prior history of schistosomiasis or exposure to cercarial-infested water. We have proposed that minimal grades of HPT are not specific for schistosomiasis.
The objective of the present investigation was to test this hypothesis, specifically to determine whether chronic infections other than schistosomiasis can produce milder grades of ultrasonographically detected HPT.
SUBJECTS, MATERIALS, AND METHODS

Subjects.
This study was performed in Assiut University Hospital. The subjects were divided into three groups. Group A was composed of 460 patients with active S. haematobium infection seen consecutively in the Outpatient Clinic of the Department of Tropical Medicine. Group B was composed of 107 of 241 patients with fever of more than one week duration seen consecutively in the Department of Tropical Medicine; 134 patients with a history of S. haematobium or S. mansoni infections or previous exposure to cercarial-infested water were excluded from the original group. Controls were composed of 288 subjects living in areas where S. haematobium is not present; none had a history of exposure to, or of diagnosis or treatment of, schistosomiasis; also, none had a recent pyrexia. This group was recruited from two sources: 1) 189 healthy school children and university students living in Assiut City and 2) 99 healthy subjects of all ages living in the New Valley.
History and examination. This investigation was approved by the Institutional Review Board at the University of Maryland at Baltimore and the ethical review processes of Assiut University and the Egyptian Ministry of Health and Population. Following obtaining informed consent from all adults and from parents of all children, all patients and controls provided a standardized history, including questions concerning exposure to possible cercarial-infested water and prior diagnosis and treatment of schistosomiasis, and were subjected to a clinical examination, We also requested information regarding recent fever, its duration, course, and associated symptoms.
Parasitology. Ova in urine were detected and counted using the Nuclepore filter (Corning Costar Corp., Acton, MA). The subjects were grouped by intensity of infection into those with light infections (Ͻ 20 eggs/10 ml of urine) and those with moderate infections (Ͼ 20 eggs/10 ml of urine). Stool parasitology was performed using a direct smear and a modified Kato technique.
Investigations for patients with pyrexia. These patients were individualized according to clinical indications based upon the patient's presentation and provisional diagnosis. They included complete blood count and erythrocyte sedimentation rate, chest radiograph, Widal test, serologic tests for Brucella, blood culture for Salmonella, tuberculin skin test, sputum smear and culture for acid-fast bacilli, urine culture for bacteria, liver function tests, LE cell preparation, and antinuclear factor. For those who remained undiagnosed after these tests, bone marrow aspiration and lymph node biopsy were performed and the material obtained was microscopically examined and cultured.
Ultrasonographic examination. A complete and stan- dardized abdominal ultrasonographic examination was performed for all subjects using a portable machine with a transducer with 3.5 mHz frequency. The liver was scanned completely. In each scanning, notation was made of the hepatic echo pattern. We graded the periportal fibrosis using the criteria proposed by Abdel-Wahab and others: grade I ϭ mild (3-5 mm) echogenic thickening of peripheral portal vein radicals; grade II ϭ moderate (5-7 mm) echogenic thickening; and grade III ϭ marked (Ͼ 7 mm) echogenic thickening of portal vein radicals, scattered throughout the liver with a central lucence that was obliterated in severe cases. 1 Liver span was measured in the midclavicular line and the midsternal line and the organ was considered enlarged if the right lobe descended more than 2 cm below the right costal margin. Splenic size was measured in the longitudinal and transverse axis. The spleen was considered enlarged if it extended beneath the left costal margin in inspiration. The portal vein diameter was measured at the porta hepatica. The gall bladder, kidneys, ureters, and urinary bladder were also examined.
Although the ultrasonographers were unaware of the intensity of infection in the schistosomiasis group, they knew all subjects in this group had S. haematobium ova in their urine. They did not know the diagnosis in the febrile subjects or whether the subjects had schistosomiasis or a history of schistosomiasis. All examinations were performed by one of five coauthors (YS, AH, MS, SI, and DAA-K) having at least three years of experience performing abdominal ultrasonography and who were trained and supervised by the first author (AM). All five shared in examining each group of subjects.
Statistical analysis. Data were recorded on specialized forms and transferred to an IBM (Yorktown Heights, NY)-compatible computer using EPI Info (Centers for Disease Control and Prevention, Atlanta, GA) 5.1 software. Descriptive statistics (e.g., mean, standard deviation, frequencies, percentages) were calculated and analysis was performed using the Student's t-test and chi-square.
RESULTS
Patients in the schistosomiasis group were older and more likely to be male than the other two groups (P Ͻ 0.001 for both; Table 1 ). On physical examination, they were more likely (P Ͻ 0.001 for both) to have enlarged livers and spleens than the controls. Patients with pyrexia were more likely (P Ͻ 0.001 for all) to be female and to have enlarged livers and spleens than controls.
The clinical diagnoses in the 107 cases of prolonged pyrexia were as follows: typhoid fever ϭ 42 (39.3%), tuberculosis ϭ 13 (12.1%), brucellosis ϭ 5 (4.7%), viral hepatitis ϭ 4 (3.7%), hematologic malignancy ϭ 4 (3.7%), systemic immunologic diseases ϭ 3 (2.8%), miscellaneous illnesses and undiagnosed ϭ 36 (33.6%).
Liver and spleen size by ultrasonography correlated reasonably well with size as detected by physical examination (Tables 1 and 2 ). The principal difference was that ultrasonography often did not confirm physical examination-detected hepatomegaly and splenomegaly in patients with pyrexia. Hepatomegaly was present by ultrasonography in 28.0% of the patients with pyrexia and in 22.2% of the patients with schistosomiasis in comparison (P Ͻ 0.001 for both) with only 5.2% in the controls ( Table 2 ). The spleen was enlarged in 20.6% of the patients with pyrexia, in 17.2% of the patients with schistosomiasis, and in only 1.7% of the controls (P Ͻ 0.001 for both). None of the subjects had S. mansoni infections (Table 2 ). Four patients with S. haematobium infections had grade II HPT and one had grade III HPT. Three patients with pyrexia had grade II HPT. Their diagnoses were infectious mononucleosis, brucellosis, and typhoid fever. No control had grade II or III HPT.
Grade I ultrasonographic changes of HPT were present in 56.1% of the patients with pyrexia in comparison with 32.2% of patients with S. haematobium infections and with 11.1% of controls (P Ͻ 0.001 for both; Table 2 ). There was no relationship between HPT and either the size of the liver or spleen. Also, there was no correlation between either age or sex and the frequency of HPT.
Typhoid fever was the most common cause of HPT among the febrile group. Hepatic periportal thickening was detected in 28 (66.7%) of 42 with typhoid fever, four (80%) of five with brucellosis, one (25%) of four with viral hepatitis, eight (61.5%) of 13 with tuberculosis, two (50%) of four with hematologic malignancy, two (66.7%) of three with systemic immunologic diseases, and 18 (50%) of 36 febrile patients who were undiagnosed or had other diagnoses.
In this study, one-fourth of the patients with active S. haematobium infection had ultrasonographically detected hepatomegaly and/or splenomegaly and one-third had grade I or higher HPT. In patients with S. mansoni infections, the histopathologic features of schistosomal hepatic fibrosis are portal fibrosis, schistosomal granuloma, and cellular infiltration of portal tracts, as well as obstruction and substitution of portal radicles by granuloma. 9 Macroscopically, the gross pathologic changes of schistosomal hepatic fibrosis can be classified into coarse and fine types depending upon whether the large or small portal tracts are principally involved. In the coarse type, the affected liver has marked and grossly evident fibrosis in the large portal tracts and the appearance of the liver in cross-section is diagnostic. It is probable that grades II and III ultrasonographically detected HPT represent this coarse type of schistosomal hepatic fibrosis. The less characteristic fine type lesions from involvement of the smaller portal tracts, which we believe produce grade I ultrasonographically detected HPT, are not pathognomonic for schistosomal hepatic fibrosis.
Grade II HPT appears to occur rarely in conditions other than schistosomiasis and grade III probably occurs only in patients with schistosomiasis, and in Egypt the latter is almost exclusively found in those infected with S. mansoni. 1, 5 On the other hand, the more frequently encountered milder grade I HPT appears to occur in numerous conditions other than schistosomiasis.
We previously reported that grade I HPT occurred in some Egyptian patients with schistosomiasis haematobia, 7, 8 and a few patients with biopsy-proven chronic persistent hepatitis without previous exposure to schistosomiasis. 7 The pathologic abnormality in chronic persistent hepatitis is periportal and perilobular with cellular infiltration and occasional fibrosis, which may be similar to changes during early stages of S. mansoni infection. 10 Therefore, the detection by ultrasonography of grade I periportal thickening in patients with chronic persistent hepatitis is not unexpected.
The present investigation has documented that early grades of HPT can occur in several clinical conditions in which cellular infiltration of the portal tract is a common pathologic feature. Typhoid fever was the most common febrile illnesses we investigated. In this infection, the liver is often enlarged with focal areas of parenchymal necrosis and portal mononuclear cell infiltration and marked hyperplasia of the Kupffer cells. 11, 12 Febrile patients with brucellosis, acute viral hepatitis, tuberculosis, and hematologic malignancies also frequently had grade I HPT. Hepatic periportal fibrosis was found in one-fourth of our febrile patients with acute viral hepatitis, agreeing with a previous report of thickening of portal vein radicle walls in patients with acute or chronic hepatitis. 13 Viral hepatitis and its sequelae, which are frequently asymptomatic, are very frequent in Egypt. Histopathologic evidence of HPT was described in patients with hepatitis C virus (HCV) infection. 14 Since prevalence of antibodies to HCV is about 15-20% in the Assiut Governorate (Mohamed MK, Arthur RA, Strickland GT, unpublished data), this could explain finding grade I HPT in many urban controls who had never been exposed to schistosomiasis and in those who were living in the New Valley where schistosomiasis is not endemic. A very reasonable alternate hypothesis is that this finding is sometimes a variable of normal.
In further support of our findings, grade I HPT was found in 36.4% of subjects living in nonendemic areas for schistosomiasis in Sinai, Egypt. 15 The reliability of ultrasonographically detected HPT to diagnose schistosomiasis is obviously influenced by the population being investigated, the magnitude (or grade) of the ultrasonographically changes and the species of Schistosoma (and organ specificity of pathology) causing the infection. Grade II or III ultrasonographic changes of HPT in Egyptian subjects exposed to S. mansoni have a high probability of being caused by schistosomiasis mansoni. However, grade I changes in subjects being screened in Egyptian communities from a schistosomiasis haematobia-endemic area would have a much lower positive predictive value for detecting S. haematobium infections.
